The gastrointestinal tract, besides being the organ responsible for nutrient absorption, is also a metabolic and immunological system, functioning as an effective barrier against endotoxin and bacteria in the intestinal lumen.
occurs notably in haemorrhagic shock, thermal injury, protein malnutrition, endotoxaemia, trauma, and intestinal obstruction. It is difficult to extrapolate these results to humans and its clinical significance is not clear. The available data show that the resultant infection remains important in the development of sepsis, especially in the critically ill patient. Uncontrolled infection is, however, neither necessary nor sufficient to account for the development of multiple organ failure. A more plausible sequelae is that bacterial translocation is a later phenomenon of multiple organ failure, and not its initiator. It is hypothesised that multiple organ failure is more probably triggered by the combination of tissue damage and systemic endotoxaemia. Endotoxaemia, as seen in trauma patients especially during the first 24 In obstructive jaundice the RES function is thought to be depressed for a longer period of time, even after relief of the bile obstruction. Based upon these results it may be concluded that an increase in the incidence of liver failure and multi organ failure after surgery in patients with cirrhosis or obstructive jaundice is most probably related to a significant increase in blood endotoxin.
Bacterial translocation
It is now widely recognised that normal bacterial flora can leave the intestinal lumen and enter the systemic circulation in several ways such as retrograde migration into the lung, direct transmucosal migration across the bowel wall, and migration to the mesenteric lymph nodes, liver, and spleen by lymphatic or vascular channels. Experimental studies have repeatedly shown that the mesenteric lymph node is the most reliable site to culture for the purposes of monitoring bacterial translocation. 46 Translocation from the gut is probably controlled by its own flora, a process called 'colony resistance'. According to this hypothesis, the normal intestinal anaerobic flora acts as a control mechanism for the translocation of the enterobacteria. Van The frequency with which bacterial translocation occurs may be influenced by the ability of the translocating micro-organism to be absorbed by intestinal epithelial cells. Strictly anaerobic bacteria are not readily taken up by enterocytes and stay attached to the epithelium at receptor sites. This hypothesis is consistent with the finding that translocation of anaerobic bacteria is facilitated in those situations where there is severe histological damage; damage to the intestinal epithelium and thereby damage to the receptor sites. 48 Bacterial species that translocate more readily are those considered to be facultative intracellular organisms such as Salmonella species and Listeria monocytogenes. These species can survive and replicate within host blood cells and translocate after a simple oral inoculation. Pathogenic aerobic flora translocate with much difficulty to other sites, and it is these flora that are most commonly cultured in critically ill patients.
Extensive work on bacterial translocation has been done in experimental animal models and has been shown to take place in haemorrhagic shock, thermal injury, malnutrition, endotoxaemia, trauma, and intestinal obstruction. 49 Bacterial translocation from the gut has also been seen during and after surgery for bowel obstruction. Thus the cultures of mesenteric lymph nodes obtained during laparotomy in patients suffering from intestinal obstruction showed an incidence of bacterial colonisation of 59% in contrast with an incidence of 4% in patients operated on for other causes. 53 Border et al 54 retrospectively studied a group of intensive care unit patients with blunt multiple trauma. They found clear correlations between methods of artificial support such as days on a ventilator, days on enteral feeding, number of drugs prescribed, and the magnitude of the sepsis severity score. All registered deaths from sepsis occurred in the group of patients who had no enteral protein intake. They concluded that the duration and magnitude of the septic state resulted from contamination by endogenous, gut derived bacteria and that they could be decreased by enteral feeding.
Similar results were seen in a study from our group.55 In our institute a large retrospective study of 206 critically ill trauma patients was performed to evaluate the comparative importance of factors related to the extent of multiple organ system failure and outcome. Multivariate methods were used to select independent risk factors related to the multiple organ failure score and subsequent death. Independent factors related to multiple organ failure were: age, pre-existing longterm conditions, malnutrition, injury sepsis score, coma on admission, number of blood transfusions, use of H2 receptor blockers or antacids, and intercurrent infection. Multiple logistic regression selected advancing age, longterm disease, injury sepsis score, and multiple organ failure score as the important predictors of death.
These findings together with the predominance of enteric micro-organisms in infected patients, suggests that bacterial translocation may be important in initiating late multiple organ failure during a septic state and in aggravating the severity of existing multiple organ failure. In patients with multiple organ failure score of >1, the incidence of infection or bacteraemia was 46% and 19% respectively. In the rest of the patient group, despite the severity of multiple organ failure, no bacteria could be cultured. with intravenous feeding and starvation. 59 Li et al,60 however, could not find a relation between starvation and translocation. After acute (three day) starvation or prolonged (14 day) protein malnutrition, bacterial translocation did not occur, although severe mucosal atrophy was found. Malnutrition combined with endotoxin administration, however, leads to very significant translocation of bacteria to mesenteric lymph nodes, liver, and spleen. This translocation rate was significantly higher than translocation after experimental endotoxaemia without malnutrition.6' The authors suggested that impaired cell mediated responses and RES activity might be more significant in the induction of translocation than increased mucosal permeability. A study by Fong et a162 in healthy volunteers clearly pointed out that the route of feeding affects injury and disease. They found that the counter regulatory hormone and splanchnic cytokine responses to endotoxin were enhanced after total parenteral nutrition and bowel rest compared with after enteral feeding. A lack of luminal nutrition was postulated to predispose the patient to amplification of injury induced metabolic and immunological responses.62
Three recent clinical studies all highlight the beneficial effects of enteral feeding on the outcome of trauma patients.54 64 65 In particular, all three showed that enteral feeding decreases the incidence of septic complications in these patients. Kudsk et al 65 studied the importance of the route of nutrient administration on septic complications in 98 patients with blunt and penetrating trauma, randomised to either enteral or parenteral feeding within 24 hours after injury. They concluded that there was a significantly lower incidence of septic morbidity in the enterally fed patient group, and recommended early enteral feeding in the management of these patients.
By means, presumably, of preserving gut mucosal barrier function and immunocompetence, enteral feeding or luminal nutrition has proved to be an important factor in the prevention of bacterial and endotoxin translocation in experimental animal models.58 As yet, there are no data available on the effects of enteral nutrition on translocation in humans. The above clinical studies showing that the incidence of septic complications in trauma patients is reduced by enteral feeding54 64 Maessen et al 66 provided evidence that ischaemic injury in combination with inflammatory mechanisms can lead to systemic complications. These authors showed that after 60 minutes of renal occlusion, severe renal failure was seen and when combined with experimentally induced systemic endotoxaemia death resulted. 66 A number of cytokines, including tumour necrosis factor, IL-1, and interferon y have shown that they can replace part of the original endotoxin mediated stimuli. It is tempting to speculate that the two stimuli concept attributed to Schwartzmann participates in the interaction of endotoxaemia and ischaemic tissue necrosis. Interferon y, a T cell produced cytokine, is thought to play a pivotal part in the pathogenesis of the Schwartzmann reaction. This reaction might occur only if the endotoxin induced cytokines, tumour necrosis factor and IL-1 act on target sites prepared by interferon -y. Thus after exposure to interferon -y target cells become more sensitive to stimuli like endotoxin so boosting the inflammatory cycle.67 68 Such an explanation could explain the results of the experiments performed by Lehmann et al 69 who showed that treatment of mice with D-galactosamine, a known hepatotoxic agent induced a considerable sensitisation of the animals to lipopolysaccharide, which at very low doses had a lethal effect. Treatment with either substance alone was without effect on outcome. In other animal experiments66 neither tumour necrosis factor treatment nor experimentally induced renal failure affected death at 48 hours. Combination treatment, however, resulted in a 50% more deaths at the same time period.
Taking this thinking one step further forward, it is possible that the multi organ failure syndrome in trauma patients could develop as a consequence of the effects of tissue necrosis combined with the endotoxaemia that results from the intestinal translocation of endotoxin. 
